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PREFACE 
 
 
 
 
 
 
This book introduces various topics related to sensor and instrumentation systems. The topics cover 
researches and studies of sensors and instrumentation applications from various fields such as 
biomedical, agriculture, safety, electrical and electronics industries. The topics describe the theory, 
research work, circuit design, experiments and system measurement especially in sensor 
applications. The presented topics have been selected to prepare engineering students to design the 
sensor and instrumentation systems. This book is generally suitable as an accompaniment to 
laboratory sessions at engineering institutions. 
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3.1 INTRODUCTION 
 
Recently, high blood cholesterol has become a life threatening and increasingly common 
around the world including our own country, Malaysia. This is a serious matter as it can gradually 
increase risk for cardiovascular diseases. Based on the latest 2015 National Health and Morbidity 
Survey, 47.7% of Malaysian adults 18 years and above estimated have hypercholesterolemia, or high 
blood cholesterol [1]. Egg yolk contain over 80% of the overall vitamins and minerals that can be 
found within the egg as a whole [2]. It is important to know the requirements of the daily diets as egg 
yolk is higher in cholesterol level compare to egg white.  
Currently, egg yolk grading is done manually by using colour fan as the international 
standard for egg yolk colour measurement for almost 50 years. European countries such as Germany 
and France preferred egg yolks with the darkest colour while the northerners prefer pale yellow 
yolks. Pale yellow yolks does not indicate that the eggs taken as a sign of sick or malnourished hen 
because in many African countries, white corn is typically a part of chicken feed that will produce 
eggs with pale yolks [3].  
Automation in food industries is in growing demand because of its simplicity, reduction in 
production time and it can reduce the human error. Therefore, by having automatic system the 
production can be increased by investing in automated equipment. In return, the profitability will 
increase with a better accuracy compared to the work done by human. 
 
3.2 PHOTOELECTRIC COLORIMETER APPROACH 
 
Basically, a photoelectric colorimeter is a light sensitive instrument that measures how much 
colour is absorbed by an object or substances [4]. The photoelectric colorimetric will specifically 
determines colour of the food based on the red, blue and green components of light absorbed as the 
human eyes does. Figure 3.1 below shows process of photoelectric colorimeter.  
Based on the Figure 3.1, light source will produces white light which is made up of RGB 
light. Light passes through a lens which focuses the light so that it will moves in one direction only. 
Then, the light moves toward coloured glass filter. Some of the white light will reflected when it hits 
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the filter while the light colour which would absorbed by the sample are transmitted through the 
filter. When the filtered light hits the sample, some of the light will be absorbed. The output may be 
displayed in the form of an analogue or digital usually detected by galvanometer as the measurement 
device to measure the amount of light transmitted.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.1: Basic principle of photoelectric colorimeter [5] 
 
 
3.3 EGG YOLK CLASSIFICATION GRADING 
 
For almost 50 years, egg yolk colour fan has been used as the international standard for egg 
yolk colour measurement. The egg yolk colour fan as shown in Figure 8.2 will be put near the egg 
yolk that has been cracked to detect the colour number. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.2: Egg yolk colour fan 
 
The blades of the DSM YolkFan
TM
 should be held immediately above the egg yolk and 
viewed vertically from above, with the blade numbers facing down and the yolk positioned between 
the tips of the blade. The reader should always face the side of the blade without numbers and show 
the number to the assistant for recording. The fan should be closed from one egg to the next to ensure 
the independence of every measurement [6]. 
Based on the value of the RGB components, it be can classify the egg yolk into 16 diferrent 
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range colours. Threshold value will be taken from the colour sensor and it will be considered as 
reference value. Figure 3.3 shows the RGB colour model. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.3: RGB colour model [7] 
 
 
3.4 PREVIOUS STUDIES 
 
Table 3.1 shows the summary of the previous studies of the colour sensor and the usage of the 
colorimetric approach. 
 
Table 3.1: Summary of the previous studies  
 
  Author Title Description Ref 
  
R. S. Hunter 
Direct – To design a photoelectric tristimulus  
  
Reading instrument to measure the quality index for 
 
1 
 
and J. N. [8][9]  
Tomato color quality of raw tomatoes using purées of   
Yeatman 
 
  
Colorimeter fresh fruit as specimens. 
 
    
      
    Recent research in the field of cellular and  
  S.B. Barker Colorimetric tissue metabolism has emphasized the 
[10][1 
2 
 
and W.H. Determination importance of methods for the precise  
1]   Summerson of Lactic Acid determination of small amounts of lactic    
   acid.  
  Colour Particularly suitable for sorting fruits and  
3 
 Clarence S. Sorting vegetables scanned with a color video camera [12][1 
 Jones et al. System and and the signals from the camera are digitized 3]   
  Method and utilized to address a look up table.  
      
   Ambient Light   
  Sensor Auto-   
4 
 David R. Calibration in Used to monitor total ambient light and to [14- 
 
Staab a Lighting prevent excessive illumination. 16]   
Control 
System 
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3.5 SYSTEM TESTING 
 
In this phase, the RGB colour sensor (TCS3200) which is connected to the Arduino UNO is 
used to get the data. The data collected is the value of the RGB from the egg yolk tested. The 
colour of the egg yolk is directly influenced by the consumption of the carotenoids as the chicken 
feed [5]. The testing is conducted through several conditions; based on the egg types and in dark 
and light places. The testing is done using two methods; using egg yolk colour fan and the device 
proposed. Two methods used to verify and validate the accuracy and the capability of the proposed 
device in achieving the objectives of the project. The sensor need to be calibrated first before being 
tested to the egg yolk to prevent from the malfunction of the sensor. The calibration is done by 
testing the sensor with different range of yellow colour by using the egg yolk colour fan. 
Measurement procedures using the colour fan and the device were shown in Figure 3.4 (a) - (b) 
respectively. Based on all the testing and evaluation that has been done, Table 3.2 shows the 
tabulate data of overall 10 samples taken. 
 
 
(a)  (b) 
   
    
 
Figure 3.4: (a) Manual testing using DSM YolkFan
TM
 and (b) Automated testing using developed 
device. 
 
Table 3.2: Measurement results for egg yolk color determination using DSM YolkFan
TM
 and 
developed device.  
 
 Colour 
Colour 
Colour  
Colour 
  
 
Number Number 
   
 
Number 
 
Number 
 
Accuracy 
Sample Displayed Displayed in 
  
Displayed 
 
Displayed in (%)  
using Yolk an Open 
 
 
using Device 
 
the Dark 
  
 Colour Fan Place          
1 9 9 9 9 100 
        
2 10 9 9 9 75 
        
3 8 9 9 9 75 
        
4 9 Not displayed 9 9 75 
        
5 9 9 9 9 100 
        
6 15 14 Not displayed  Not displayed 15 
        
7 14 14 14 14 100 
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8 14 14 14 14 100 
        
9 14 14 14 14 100 
        
10 15 14 14 14 75 
        
 
Based on the result and analysis obtained in Table 3.2, the percentage of accuracy of the device is 
81.5% which is calculated using the following formula: 
Percentage of Accuracy = Sum of accuracy  
Number of Sample 
 
 
3.6 CONCLUSION 
 
This chapter is to design an automated egg yolk colour device using colorimetric approach. In 
order to precisely measure the colour of the egg yolk, a new device has to be developed. It enables 
farmers serve very good colour of the egg yolk to the markets as the device will detect the egg yolk 
colour very fast and precisely. The selection of proper hardware and software that will be used to 
develop the system is very important in order for the device to run smoothly and accordingly to what 
were expected. 
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This book is an introduction to many of the topics that an engineer needs 
to master in order to successfully design experiments and system 
measurement. In addition to descriptions of common measurement 
systems, the book describes computerized data acquisition systems, sensor 
system, and instrumentation system experiments. More comprehensive 
studies of available literature and consultation with product vendors are 
appropriate when engaging in a significant real-world experimental 
program. It is to be expected that the skills of the experimenter will be 
enhanced by more advanced courses in experimental and instrumentations 
systems design and practical experience. 
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